Two experiments were conducted to compare the dietary value of Artemia enriched with various types of oil, such as triglycerides (TG), methyl esters (ME), ethyl esters (EE), and free fatty acids (FFA) containing about 43% of n-3 highly unsaturated fatty acids (n-3HUFA), based on the growth, survival and chemical compositions of larval striped knifejaw and red sea bream.
Two experiments were conducted to compare the dietary value of Artemia enriched with various types of oil, such as triglycerides (TG), methyl esters (ME), ethyl esters (EE), and free fatty acids (FFA) containing about 43% of n-3 highly unsaturated fatty acids (n-3HUFA), based on the growth, survival and chemical compositions of larval striped knifejaw and red sea bream.
Both larval striped knifejaw and red sea bream fed on nauplii enriched with TG, ME, and EE for 10 and 14 days showed good results in growth, survival and activity tests. These nauplii contained 4.1-7.1% n-3HUFA on a dry basis. The former larvae fed on nauplii without treatment or fed on FFA (1.0-1.7% n-3HUFA) showed poor feed performances. Incorporation of n-3HUFA into Artemia by emulsified FFA was very low due to coagulation of FFA during enrichment, leading to poor feed performances. Red sea bream fed on newly-hatched nauplii with 1% n-3HUFA but without docosahexaenoic acid (DHA) showed a high survival rate, but quite low activity. The concentration of eicosapentaenoic acid (EPA) plus DHA in polar lipids of both species fed on nauplii without enrichment or with FFA was somewhat lower than that of fish fed on nauplii enriched with TG, ME, and EE. The value was highest in fish fed on EE-fed Artemia.
Thus, the dietary value of Artemia to both species was effectively improved by enrichment with TG, ME, and EE, especially with EE.
In the large scale seedling production of marine fish, brine shrimp Artemia have been widely employed as food, while formulated microbound diets are still in limited use.1) To improve the nutritional quality of Artemia from the viewpoint of essential fatty acids (EFA), oils containing a high amount of n-3 highly unsaturated fatty acids (n-3HUFA) have been added to the culture medium of Artemia.
Recently, Izquierdo et al.*3 have suggested that the methyl ester (ME) type of oil has some ill effects not only on rotifers but also on fish larvae fed on them. In a previous paper,2) it was shown that ester-type oils were converted to triglycerides (TG) and incorporated into the TG fraction of Artemia, and a maximum incorporation of n-3HUFA was observed in Artemia fed with the ethyl ester (EE) type of oil for 24h. On the other hand, it was also demonstrated that the free fatty acid (FFA) type of oil was comparatively ineffective for Artemia due to coagulation of emulsion during enrichment. These results suggest that nauplii enriched with emulsified TG, ME, and EE for 12-24h are good food for marine larval fish.
This experiment was conducted to compare the dietary value of Artemia enriched with various types of oil, such as TG, ME, EE, and FFA containing about 43% of n-3HUFA, based on the growth, survival and chemical compositions of larval striped knifejaw Oplegnathus fasciatus (Experiment I) and red sea bream Pagrus major (Experiment II).
Materials and Methods

Feeding of Artemia with Various Types of Oil by the Direct Method
Newly-hatched nauplii of Artemia from Utah, USA were stocked into 100l tanks at a density of 20-70 individuals/ml and enriched with 100ml of an emulsion prepared from 5ml oil, one raw The contents of lipid, TG, and n-3HUFA in Anemia fed on emulsified TG, ME, and EE were high compared to those without treatment or those fed on emulsified FFA. In particular, the highest n-3HUFA content was observed in Artemia fed on emulsified EE. On the other hand, the FFA content was high in Artemia without enrichment or those fed on emulsified FFA. These results were almost the same as in the previous experiment.2) Table 2 . Growth, survival rates, and survival rate after activity test in larval striped knifejaw after 10-day feeding and in larval red sea bream after 14-day feeding (%) 
Feeding of Larval Fish with Artemia in Expts. I and II
The results of 10 days' feeding of Japanese striped knifejaw and 14 days' feeding of red sea bream are shown in Table 2 . Similar feeding results were obtained in both Expts. I and II. Larval striped knifejaw fed on nauplii enriched with TG, ME, and EE, which were high in the amount of n-3HUFA, ranging from 4.1 to 5.4%,*1 showed good results in growth, survival, and activity tests. On the other hand, in the fish fed on nauplii without emulsified oil (the intact nauplii), containing a low amount of n-3HUFA, growth, survival rates and survival after the activity test were low. The fish fed on FFAenriched Anemia containing 1.7%*1 n-3HUFA also showed poor feed performances.
A significant difference was observed in the total length of fish between those fed on nauplii enriched with TG, ME, and EE, and those fed on nauplii without treatment or with FFA.
In red sea bream, growth and survival rates and survival after the activity test were all high in fish fed on nauplii emulsified with TG, ME, and EE. These nauplii contained 6.4 to 7.1%*1 n-3HUFA. On the other hand, the fish fed on nauplii without emulsified oil, which contained 1.0%*1 n-3HUFA but no docosahexaenoic acid (DHA), showed a high survival rate, but quite low activity. These results are in agreement with the recent report that larval red sea bream require at least 0.5-1%*1 of DHA in Artemia to obtain a high activity value.4),*2 It has also been demonstrated that DHA is found to be superior to eicosapentaenoic acid (EPA) as EFA for many marine larval and ju-*1 Dry matter basis . *2 T . Takeuchi, M. Toyota, and T. Watanabe: Oral presentation at the annual meeting of Japan. Soc. Sci, F ish., in Tokyo, April 1991, p. 38. Table 3 and EE (Fig. 1) . In particular, the highest contents of total lipid and TG were observed in fish fed on EE-enriched Artemia. Namely, the lipid content of larval fish was clearly reflected by that of Artemia. There was no marked difference in the polar lipid content and other neutral lipids between the treatments in Expts. I and II. 
Fatty Acid Composition of Polar and Nonpolar Lipid Fractions in Larval Fish
The fatty acid compositions of polar and nonpolar lipid fractions from whole bodies of Japanese striped knifejaw and red sea bream are shown in Tables 4 and 5 , respectively. The EPA and DHA contents of PL in fish are also illustrated in Fig. 2 . The terminal fish given nauplii with various treatments in Expts. I and II showed high percentages of linolenic acid (18: 3n-3) in polar and neutral lipid fractions of whole bodies compared to those of the initial fish. This result was due to the high amount of 18: 3n-3 in the experimental nauplii, which is called the freshwater type.8) EPA plus DHA contents of PL in fish fed on nauplii without treatment or those enriched with emulsified FFA in both experiments were quite low compared to those fed on nauplii with emulsified TG, ME, and EE (Fig. 2) . Especially, the DHA content was markedly different between both the groups . This result agrees with the poor feed performances in fish fed on FFA-enriched nauplii containing an insufficient amount of n-3HUFA to satisfy the EFA requirement. In both the striped knifejaw and red sea bream, the maximum EPA plus DHA content was recorded for the fish fed on EE-enriched Artemia. The percentage of EPA was almost the same between polar and neutral lipid fractions in both Expts. I and II.
On the other hand, the percentage of DHA was much lower in nonpolar lipid fraction.
It has been observed that the percentage of DHA in whole body neutral lipid markedly decreases compared with that of polar lipid, when larval and juvenile fish are fed on a diet containing low content of n-3HUFA or DHA.4,5) Consequently, the amount of DHA in Artemia enriched with TG, ME, and EE in this experiment might not be sufficient for larval fish, even though larval fish showed good feed performances.
Further experiments are needed to clarify the requirement of marine larval fish for DHA in Anemia. From the former experiment, in which the n-3HUFA content of Artemia was high when EEtype oil was used for enrichment, and also from present observations, it may be concluded that the dietary value of nauplii for larval striped knifejaw and red sea bream is effectively improved by feeding the nauplii with the emulsion of an ester oil, particularly the ethyl ester type. On the other hand, it is also found that poor growth performance of fish fed on nauplii enriched with emulsified FFA was induced by poor incorporation of n-3HUFA into the nauplii due to coagulation of the FFA. Optimal 
